Respiratory control in isolated perfused rat heart. Role of the equilibrium relations between the mitochondrial electron carriers and the adenylate system.
The effects of KCl-induced cardiac arrest on the redox state of the fluorescent flavoproteins and nicotinamide nucleotides and on that of cytochromes c and a were studied by surface fluorometric and reflectance spectrophotometric methods. These changes were compared with measurements of the concentrations of the adenylate system, creatine phosphate, some intermediates of the tricarboxylic acid cycle and reactants of the glutamate dehydrogenase system. KCl-induced cardiac arrest caused reduction of the fluorescent flavoproteins and nicotinamide nucleotides, oxidation of cytochromes c and a, inhibition of oxygen consumption and an increase in the ATP/(ADP X Pi) ratio. The increase in the latter was due mainly to a decrease in the concentration of Pi and an equivalent increase in creatine phosphate. The cytochromes c and a were maintained at equal redox potential and changed in parallel. When the redox state of the mitochondrial NAD couple was calculated from the glutamate dehydrogenase equilibrium, the free energy change (deltaG) corresponding to the potential difference between the NAD couple and cytochrome c was 115.8 kj/mol in the beating heart and 122.2 kj/mol in the arrested heart. The deltaG values of ATP hydrolysis calculated from the concentrations of ATP, Pi and ADP, corrected for bound ADP, were 111.1 kj/2 mol and 115.4 kj/2 mol in the beating and arrested heart respectively. The accumulation of citrate and the direction of the redox changes in the respiratory carriers indicate that the tricarboxylic acid cycle flux is controlled by the respiratory chain. The data also show a near equilibrium between the electron carriers and the adenylate system and suggest that the equilibrium hypothesis of mitochondrial respiratory control is applicable to intact myocardial tissue.